






















































































































1.	 Helou	S,	Koehler	RC,	Gleason	CA,	Jones	MD,	Traystman	RJ.	Cerebrovascular	autoregulation	during	fetal	development	in	sheep.	Am	J	Physiol	-	Heart	C.	1994;266(3):H1069-H1074.	2.	 Rhee	CJ,	Fraser	III	CD,	Kibler	KK,	et	al.	The	ontogeny	of	cerebrovascular	pressure	autoregulation	in	human	premature	infants.	J	Perinatol.	2014;34(12):926-931.	3.	 Rorke	LB.	Anatomical	features	of	the	developing	brain	implicated	in	pathogenesis	of	hypoxic-ischemic	injury.	Brain	Pathol.	1992;2(3):211-221.	4.	 Wladimiroff	JW,	van	Bel	F.	Fetal	and	neonatal	cerebral	blood	flow.	Semin	Perinatol.11(4):335-346.	5.	 Pryds	O,	Edwards	AD.	Cerebral	blood	flow	in	the	newborn	infant.	Arch	Dis	Child	Fetal	Neonatal	Ed.	1996;74(1):F63-F69.	6.	 Greisen	G.	Cerebral	blood	flow	in	preterm	infants	during	the	first	week	of	life.	Acta	Pædiatrica.	1986;75(1):43-51.	7.	 Lou	H,	Skov	H,	Pedersen	H.	Low	cerebral	blood	flow:	a	risk	factor	in	the	neonate.	J	Pediatr.	1979;95:606-609.	8.	 Skov	H,	Lou	H,	Pedersen	H.	Perinatal	brain	ischemia:	impact	at	four	years	of	age.	Dev	Med	Child	
Neurol.	1984;26:353-357.	9.	 Kuzawa	CW,	Chugani	HT,	Grossman	LI,	et	al.	Metabolic	costs	and	evolutionary	implications	of	human	brain	development.	P	Natl	Acad	Sci.	2014;111(36):13010-13015.	10.	 Chiron	C,	Raynaud	C,	Mazière	B,	et	al.	Changes	in	regional	cerebral	blood	flow	during	brain	maturation	in	children	and	adolescents.	J	Nucl	Med.	1992;33(5):696-703.	11.	 Osborn	DA,	Evans	N,	Kluckow	M.	Clinical	detection	of	low	upper	body	blood	flow	in	very	premature	infants	using	blood	pressure,	capillary	refill	time,	and	central-peripheral	temperature	difference.	Arch	Dis	Child	Fetal	Neonatal	Ed.	2004;89(2):F168-173.	
	 22	
12.	 Watkins	AM,	West	CR,	Cooke	RW.	Blood	pressure	and	cerebral	haemorrhage	and	ischaemia	in	very	low	birthweight	infants.	Early	Hum	Dev.	1989;19(2):103-110.	13.	 Kluckow	M,	Evans	N.	Superior	vena	cava	flow	in	newborn	infants:	a	novel	marker	of	systemic	blood	flow.	Arch	Dis	Child	Fetal	Neonatal	Ed.	2000;82:F182-187.	14.	 Kluckow	M,	Evans	N.	Low	systemic	blood	flow	in	the	preterm	infant.	Semin	Neonatol.	2001;6(1):75-84.	15.	 Perlman	J,	Volpe	JJ.	Intraventricular	hemorrhage	in	extremely	small	premature	infants.	Am	J	Dis	
Child.	1986;140(11):1122-1124.	16.	 Volpe	JJ.	Brain	injury	in	the	premature	infant.	Neuropathology,	clinical	aspects,	pathogenesis,	and	prevention.	Clin	Perinatol.	1997;24(3):567-587.	17.	 Ment	LR,	Stewart	WB,	Duncan	CC,	Pitt	BR.	Beagle	puppy	model	of	perinatal	cerebral	insults.	J	





Met.	2015;35(5):781-793.	25.	 Wang	B,	Armstrong	JS,	Reyes	M,	et	al.	White	matter	apoptosis	is	increased	by	delayed	hypothermia	and	rewarming	in	a	neonatal	piglet	model	of	hypoxic	ischemic	encephalopathy.	Neuroscience.	2016;316:296-310.	26.	 Zhao	M,	Zhu	P,	Fujino	M,	et	al.	Oxidative	stress	in	hypoxic-ischemic	encephalopathy:	molecular	mechanisms	and	therapeutic	strategies.	Int	J	Mol	Sci.	2016;17(12):2078.	27.	 Fowler	JH,	McQueen	J,	Holland	PR,	et	al.	Dimethyl	fumarate	improves	white	matter	function	following	severe	hypoperfusion:	Involvement	of	microglia/macrophages	and	inflammatory	mediators.	J	Cerebr	Blood	F	Met.	2017:0271678X17713105.	28.	 Soleymani	S,	Borzage	M,	Noori	S,	Seri	I.	Neonatal	hemodynamics:	monitoring,	data	acquisition	and	analysis.	Expert	Rev	Med	Devices.	2012;9(5):501-511.	29.	 Osborn	DA,	Evans	N,	Kluckow	M.	Clinical	detection	of	low	upper	body	blood	flow	in	very	premature	infants	using	blood	pressure,	capillary	refill	time,	and	central-peripheral	temperature	difference.	Arch	Dis	Child	Fetal	Neonatal	Ed.	2004;89(2):F168-F173.	30.	 Laughon	M,	Bose	C,	Allred	E,	et	al.	Factors	associated	with	treatment	for	hypotension	in	extremely	low	gestational	age	newborns	during	the	first	postnatal	week.	Pediatrics.	2007;119(2):273-280.	31.	 Al-Aweel	I,	Pursley	D,	Rubin	L,	Sharh	B,	Weisberger	S,	Richardson	D.	Variations	in	prevalence	of	hypotension,	hypertension,	and	vasopressor	use	in	NICUs.	J	Perinatol.	2001;21(5):272-278.	
	 24	
32.	 Lee	JK,	Perin	J,	Parkinson	C,	et	al.	Relationships	between	cerebral	autoregulation	and	markers	of	kidney	and	liver	injury	in	neonatal	encephalopathy	and	therapeutic	hypothermia.	J	Perinatol.	2017.	33.	 Chavez-Valdez	R,	O/'Connor	M,	Perin	J,	et	al.	Sex-specific	associations	between	cerebrovascular	blood	pressure	autoregulation	and	cardiopulmonary	injury	in	neonatal	encephalopathy	and	therapeutic	hypothermia.	Pediatr	Res.	2017;81(5):759-766.	34.	 Hori	D,	Hogue	C,	Adachi	H,	et	al.	Perioperative	optimal	blood	pressure	as	determined	by	ultrasound	tagged	near	infrared	spectroscopy	and	its	association	with	postoperative	acute	kidney	injury	in	cardiac	surgery	patients.	Interact	Cardiov	Th.	2016;22(4):445-451.	35.	 Lee	J,	Rajadurai	VS,	Tan	KW.	Blood	pressure	standards	for	very	low	birthweight	infants	during	the	first	day	of	life.	Arch	Dis	Child	Fetal	Neonatal	Ed.	1999;81(3):F168-F170.	36.	 Spinazzola	R,	Harper	R,	de	Soler	M,	Lesser	M.	Blood	pressure	values	in	500-	to	750-gram	birthweight	infants	in	the	first	week	of	life.	J	Perinatol.	1991;11(2):147-151.	37.	 Watkins	A,	West	C,	Cooke	R.	Blood	pressure	and	cerebral	haemorrhage	and	ischaemia	in	very	low	birthweight	infants.	Early	Hum	Dev.	1989;19(2):103-110.	38.	 Versmold	H,	Kitterman	J,	Phipps	R,	Gregory	G,	Tooley	W.	Aortic	blood	pressure	during	the	first	12	hours	of	life	in	infants	with	birth	weight	610	to	4,220	grams.	Pediatrics.	1981;67(5):607-613.	39.	 Hegyi	T,	Anwar	M,	Carbone	M,	et	al.	Blood	pressure	ranges	in	premature	infants:	II.	The	first	week	of	life.	Pediatrics.	1996;97(3):336-342.	40.	 Hegyi	T,	Carbone	M,	Anwar	M,	et	al.	Blood	pressure	ranges	in	premature	infants.	I.	The	first	hours	of	life.	J	Pediatr.	1994;124(4):627-633.	41.	 Report	of	a	Joint	Working	Group	of	the	British	Association	of	Perinatal	Medicine	and	the	Research	Unit	of	the	Royal	College	of	Physicians.	Development	of	audit	measures	and	guidelines	for	good	
	 25	
practice	in	the	management	of	neonatal	respiratory	distress	syndrome.	Arch	Dis	Child.	1992;67(10):1221-1227.	42.	 Dempsey	E,	Al	Hazzani	F,	Barrington	K.	Permissive	hypotension	in	the	extremely	low	birthweight	infant	with	signs	of	good	perfusion.	Arch	Dis	Child	Fetal	Neonatal	Ed.	2009;94(4):F241-F244.	43.	 Lightburn	MH,	Gauss	CH,	Williams	DK,	Kaiser	JR.	Cerebral	blood	flow	velocities	in	extremely	low	birth	weight	infants	with	hypotension	and	infants	with	normal	blood	pressure.	J	Pediatr.	2009;154(6):824-828.	44.	 Cunningham	S,	Symon	A,	Elton	R,	Zhu	C,	McIntosh	N.	Intra-arterial	blood	pressure	reference	ranges,	death	and	morbidity	in	very	low	birthweight	infants	during	the	first	seven	days	of	life.	
Early	Hum	Dev.	1999;56(2-3):151-165.	45.	 Roy	CS,	Sherrington	CS.	On	the	regulation	of	the	blood-supply	of	the	brain.	J	Physiol.	1890;11(1-2):85-158.	46.	 Hamner	JW,	Tan	CO,	Lee	K,	Cohen	MA,	Taylor	JA.	Sympathetic	control	of	the	cerebral	vasculature	in	humans.	Stroke.	2010;41(1):102-109.	47.	 JM	S,	Y	N.	Angiotensin	and	cerebral	blood	flow.	Cell	Mol	Neurobiol.	1999;19:553-573.	48.	 Katusic	ZS,	Shepherd	JT,	Vanhoutte	PM.	Vasopressin	causes	endothelium-dependent	relaxations	of	the	canine	basilar	artery.	Circ	Res.	1984;55(5):575-579.	49.	 Yang	S-P,	Krasney	JA.	Cerebral	blood	flow	and	metabolic	responses	to	sustained	hypercapnia	in	awake	sheep.	J	Cerebr	Blood	F	Met.	1995;15(1):115-123.	50.	 Lee	JK,	Kibler	KK,	Benni	PB,	et	al.	Cerebrovascular	reactivity	measured	by	near-infrared	spectroscopy.	Stroke.	2009;40(5):1820-1826.	51.	 Nusbaum	D,	Clark	J,	Brady	K,	Kibler	K,	Sutton	J,	Easley	RB.	Alteration	in	the	lower	limit	of	autoregulation	with	elevations	in	cephalic	venous	pressure.	Neurol	Res.	2014;36(12):1063-1071.	
	 26	
52.	 Brady	KM,	Lee	JK,	Kibler	KK,	et	al.	The	lower	limit	of	cerebral	blood	flow	autoregulation	is	increased	with	elevated	intracranial	pressure.	Anesth	Analg.	2009;108(4):1278-1283.	53.	 Pesek	M,	Kibler	K,	Easley	RB,	et	al.	The	upper	limit	of	cerebral	blood	flow	autoregulation	is	decreased	with	elevations	in	intracranial	pressure.	Neurosurgery.	2014;75(2):163-170.	54.	 Lee	JK,	Brady	KM,	Mytar	JO,	et	al.	Cerebral	blood	flow	and	cerebrovascular	autoregulation	in	a	swine	model	of	pediatric	cardiac	arrest	and	hypothermia.	Crit	Care	Med.	2011;39(10):2337-2345.	55.	 Larson	AC,	Jamrogowicz	JL,	Kulikowicz	E,	et	al.	Cerebrovascular	autoregulation	after	rewarming	from	hypothermia	in	a	neonatal	swine	model	of	asphyxic	brain	injury.	J	Appl	Physiol.	2013;115(10):1433-1442.	56.	 Armstead	WM,	Riley	J,	Vavilala	MS.	TBI	sex	dependently	upregulates	ET-1	to	impair	autoregulation,	which	is	aggravated	by	phenylephrine	in	males	but	is	abrogated	in	females.	J	
Neurotraum.	2012;29(7):1483-1490.	57.	 Armstead	WM,	Riley	J,	Vavilala	MS.	Sex	and	age	differences	in	epinephrine	mechanisms	and	outcomes	after	brain	injury.	J	Neurotraum.	2016;34(8):1666-1675.	58.	 Armstead	WM,	Riley	J,	Vavilala	MS.	Preferential	protection	of	cerebral	autoregulation	and	reduction	of	hippocampal	necrosis	with	norepinephrine	after	traumatic	brain	injury	in	female	piglets.	Pediatr	Crit	Care	Med.	2016;17(3):e130-e137.	59.	 Armstead	WM,	Riley	J,	Vavilala	MS.	Dopamine	prevents	impairment	of	autoregulation	after	traumatic	brain	injury	in	the	newborn	pig	through	inhibition	of	up-regulation	of	endothelin-1	and	extracellular	signal-regulated	kinase	mitogen-activated	protein	kinase.	Pediatr	Crit	Care	Med.	2013;14(2):e103-e111.	60.	 Nichol	J,	Girling	F,	Jerrard	W,	Claxton	E,	Burton	A.	Fundamental	instability	of	the	small	blood	vessels	and	critical	closing	pressures	in	vascular	beds.	Am	J	Physiol.	1951;164(2):330-344.	
	 27	
61.	 Jagersberg	M,	Schaller	C,	Bostrom	J,	Schatlo	B,	Kotowski	M,	Thees	C.	Simultaneous	bedside	assessment	of	global	cerebral	blood	flow	and	effective	cerebral	perfusion	pressure	in	patients	with	intracranial	hypertension.	Neurocrit	Care.	2010;12(2):225-233.	62.	 Varsos	GV,	Richards	H,	Kasprowicz	M,	et	al.	Critical	closing	pressure	determined	with	a	model	of	cerebrovascular	impedance.	J	Cereb	Blood	Flow	Metab.	2013;33(2):235-243.	63.	 Rhee	CJ,	Fraser	III	CD,	Kibler	KK,	et	al.	Ontogeny	of	critical	closing	pressure.	Pediatr	Res.	2015;78(1):71-75.	64.	 Panerai	R,	Coughtrey	H,	Rennie	J,	Evans	D.	A	model	of	the	instantaneous	pressure-velocity	relationships	of	the	neonatal	cerebral	circulation.	Physiol	Meas.	1993;14(4):411-418.	65.	 Panerai	R,	Kelsall	A,	Rennie	J,	Evans	D.	Estimation	of	critical	closing	pressure	in	the	cerebral	circulation	of	newborns.	Neuropediatrics.	1995;26(3):168-173.	66.	 Kaiser	JR,	Gauss	CH,	Williams	DK.	The	effects	of	hypercapnia	on	cerebral	autoregulation	in	ventilated	very	low	birth	weight	infants.	Pediatr	Res.	2005;58(5):931-935.	67.	 Lightburn	M,	Gauss	C,	Williams	D,	Kaiser	JR.	Cerebral	blood	flow	velocities	in	extremely	low	birth	weight	infants	with	hypotension	and	infants	with	normal	blood	pressure.	J	Pediatr.	2009;154(6):824-828.	68.	 Kaiser	J,	Gauss	C,	Williams	D.	Tracheal	suctioning	is	associated	with	prolonged	disturbances	of	cerebral	hemodynamics	in	very	low	birth	weight	infants.	J	Perinatol.	2007;28(1):34-41.	69.	 Kaiser	J,	Gauss	C,	Williams	D.	The	effects	of	closed	tracheal	suctioning	plus	volume	guarantee	on	cerebral	hemodynamics.	J	Perinatol.	2011;31(10):671-676.	70.	 Kaiser	JR,	Gauss	CH,	Williams	DK.	Surfactant	administration	acutely	affects	cerebral	and	systemic	hemodynamics	and	gas	exchange	in	very-low-birth-weight	infants.	J	Pediatr.	2004;144(6):809-814.	
	 28	
71.	 Wyatt	JS,	Delpy	DT,	Cope	M,	Wray	S,	Reynolds	EO.	Quantification	of	cerebral	oxygenation	and	haemodynamics	in	sick	newborn	infants	by	near	infrared	spectrophotometry.	Lancet.	1986;328(8515):1063-1066.	72.	 Soul	JS,	Taylor	GA,	Wypij	D,	Duplessis	AJ,	Volpe	JJ.	Noninvasive	detection	of	changes	in	cerebral	blood	flow	by	near-infrared	spectroscopy	in	a	piglet	model	of	hydrocephalus.	Pediatr	Res.	2000;48(4):445-449.	73.	 Massaro	AN,	Govindan	RB,	Vezina	G,	et	al.	Impaired	cerebral	autoregulation	and	brain	injury	in	newborns	with	hypoxic-ischemic	encephalopathy	treated	with	hypothermia.	J	Neurophysiol.	2015;114(2):818-824.	74.	 Brady	KM,	Lee	JK,	Kibler	KK,	Easley	RB,	Koehler	RC,	Shaffner	DH.	Continuous	measurement	of	autoregulation	by	spontaneous	fluctuations	in	cerebral	perfusion	pressure:	comparison	of	3	methods.	Stroke.	2008;39(9):2531-2537.	75.	 Aries	MJH,	Czosnyka	M,	Budohoski	KP,	et	al.	Continuous	determination	of	optimal	cerebral	perfusion	pressure	in	traumatic	brain	injury.	Crit	Care	Med.	2012;40(8):2456-2463.	76.	 Czosnyka	M,	Smielewski	P,	Kirkpatrick	P,	Menon	DK,	Pickard	JD.	Monitoring	of	cerebral	autoregulation	in	head-injured	patients.	Stroke.	1996;27(10):1829-1834.	77.	 Blaine	Easley	R,	Kibler	KK,	Brady	KM,	et	al.	Continuous	cerebrovascular	reactivity	monitoring	and	autoregulation	monitoring	identify	similar	lower	limits	of	autoregulation	in	patients	undergoing	cardiopulmonary	bypass.	Neurol	Res.	2013;35(4):344-354.	78.	 Steinmeier	R,	Bauhuf	C,	Hubner	U,	et	al.	Slow	rhythmic	oscillations	of	blood	pressure,	intracranial	pressure,	microcirculation,	and	cerebral	oxygenation:	dynamic	interrelation	and	time	course	in	humans.	Stroke.	1996;27(12):2236-2243.	
	 29	









Pediatr.	2015;167(1):86-91.	98.	 Soul	JS,	Hammer	PE,	Tsuji	M,	et	al.	Fluctuating	pressure-passivity	is	common	in	the	cerebral	circulation	of	sick	premature	infants.	Pediatr	Res.	2007;61(4):467-473.	99.	 Wong	F,	Leung	T,	Austin	T,	et	al.	Impaired	autoregulation	in	preterm	infants	identified	by	using	spatially	resolved	spectroscopy.	Pediatrics.	2008;121(3):e604-611.	100.	 Riera	J,	Cabanas	F,	Serrano	JJ,	Madero	R,	Pellicer	A.	New	developments	in	cerebral	blood	flow	autoregulation	analysis	in	preterm	infants:	a	mechanistic	approach.	Pediatr	Res.	2016;79(3):460-465.	101.	 Tsuji	M,	Saul	JP,	du	Plessis	A,	et	al.	Cerebral	intravascular	oxygenation	correlates	with	mean	arterial	pressure	in	critically	ill	premature	infants.	Pediatrics.	2000;106(4):625-632.	102.	 O'Leary	H,	Gregas	MC,	Limperopoulos	C,	et	al.	Elevated	cerebral	pressure	passivity	is	associated	with	prematurity-related	intracranial	hemorrhage.	Pediatrics.	2009;124(1):302-309.	103.	 Alderliesten	T,	Lemmers	PMA,	Smarius	JJM,	van	de	Vosse	RE,	Baerts	W,	van	Bel	F.	Cerebral	oxygenation,	extraction,	and	autoregulation	in	very	preterm	infants	who	develop	peri-intraventricular	hemorrhage.	J	Pediatr.	2013;162(4):698-704.e692.	104.	 Wong	FY,	Silas	R,	Hew	S,	Samarasinghe	T,	Walker	AM.	Cerebral	oxygenation	is	highly	sensitive	to	blood	pressure	variability	in	sick	preterm	infants.	PLOS	ONE.	2012;7(8):e43165.	105.	 Eriksen	VR,	Hahn	GH,	Greisen	G.	Dopamine	therapy	is	associated	with	impaired	cerebral	autoregulation	in	preterm	infants.	Acta	Paediatrica.	2014;103(12):1221-1226.	
	 32	
106.	 Bassan	H,	Gauvreau	K,	Newburger	J,	et	al.	Identification	of	pressure	passive	cerebral	perfusion	and	its	mediators	after	infant	cardiac	surgery.	Pediatr	Res.	2005;57(1):35-41.	107.	 Brady	KM,	Mytar	JO,	Lee	JK,	et	al.	Monitoring	Cerebral	blood	flow	pressure	autoregulation	in	pediatric	patients	during	cardiac	surgery.	Stroke.	2010;41(9):1957-1962.	108.	 Smith	B,	Vu	E,	Kibler	K,	et	al.	Does	hypothermia	impair	cerebrovascular	autoregulation	in	neonates	during	cardiopulmonary	bypass?	Pediatr	Anesth.	2017;27(9):905-910.	109.	 Votava-Smith	JK,	Statile	CJ,	Taylor	MD,	et	al.	Impaired	cerebral	autoregulation	in	preoperative	newborn	infants	with	congenital	heart	disease.	J	Thorac	Cardiovasc	Surg.	2017;154(3):1038-1044.	110.	 Zamora	CA,	Oshmyansky	A,	Bembea	M,	et	al.	Resistive	index	variability	in	anterior	cerebral	artery	measurements	during	daily	transcranial	duplex	sonography.	J	Ultras	Med.	2016;35(11):2459-2465.	111.	 Foley	LM,	Clark	RSB,	Vazquez	AL,	et	al.	Enduring	disturbances	in	regional	cerebral	blood	flow	and	brain	oxygenation	at	24h	after	asphyxial	cardiac	arrest	in	developing	rats.	Pediatr	Res.	2017;81(1-1):94-98.	112.	 Good	M,	Sodhi	CP,	Ozolek	JA,	et	al.	Lactobacillus	rhamnosus	HN001	decreases	the	severity	of	necrotizing	enterocolitis	in	neonatal	mice	and	preterm	piglets:	evidence	in	mice	for	a	role	of	TLR9.	
Am	J	Physiol	-	Gastrointest	Liver	Physiol.	2014;306(11):G1021-G1032.	113.	 Lear	CA,	Davidson	JO,	Mackay	GR,	et	al.	Antenatal	dexamethasone	before	asphyxia	promotes	cystic	neural	injury	in	preterm	fetal	sheep	by	inducing	hyperglycemia.	J	Cereb	Blood	Flow	Metab.	2018;	38(4):706-718.		
	 33	
Figure	Legend	
Figure	1.	Cerebral	blood	flow	autoregulation	curve	
Autoregulation	is	the	physiologic	mechanism	that	holds	blood	flow	to	the	brain	constant	across	a	range	of	blood	pressure.	The	flat	area	of	the	curve	is	a	state	of	pressure	reactivity	where	blood	pressure	and	blood	flow	go	in	opposite	directions.	However,	outside	the	range	of	autoregulation	on	the	two	ends	is	a	state	of	pressure	passivity	where	blood	flow	is	purely	dependent	on	blood	pressure.	There	is	no	more	reactivity	in	the	vessels.			
	
Figure	2.	Changes	in	critical	closing	pressure	across	gestational	age			Critical	closing	pressure	increases	with	gestational	age	at	a	rate	of	1.4	mm	Hg	per	week	of	gestation	(P	<	
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0.0001).		From	Rhee	CJ	et	al.	Pediatr	Res.	2015;78(1):71-5.	
	
Figure	3.	Graphical	explanations	of	the	autoregulation	metrics.		
(A)	Coherence	analysis	of	CBF	measured	by	transcranial	Doppler	(TCD)	ultrasound	in	preterm	neonate.	Coherence	is	high	between	ABP	(red	line)	and	CBF	(black	line)	indicating	a	state	of	dysautoregulation	at	slow	wave	frequencies.	Bottom	panel	shows	coherence	as	a	function	of	frequency.	(B)	Waveform	1	(W1,	solid	line)	and	waveform	2	(W2,	dotted	line)	are	shown	for	concept.	The	gain	is	the	damping	effect,	and	the	phase	shift	is	the	time	delay	between	the	two	waveforms.	Lower	gain	indicates	better	autoregulatory	function.	(C,	D)	Blood	pressure	was	decreased	in	a	neonatal	piglet	with	continuous	mean	arterial	blood	pressure	(MAP),	intracranial	pressure	(ICP),	cerebral	blood	volume	(CBV)	NIRS	tissue	hemoblobin	index,	and	cerebral	blood	flow	(CBF)	laser	Doppler	flow	(LDF)	measurements.		When	MAP	exceeds	the	lower	limit	of	autoregulation	and	CBF	is	relatively	constant,	slow	MAP	waves	are	out	of	phase	with	the	ICP	and	CBV	(red	star	and	box).	As	MAP	decreases	below	the	lower	limit	of	autoregulation	and	CBF	falls,	the	MAP,	ICP	and	CBV	waves	are	all	in	phase	indicating	a	state	of	dysautoregulation	(blue	cross	and	box).		Adapted	with	permission	from:	
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SAGE	Publications;	van	Beek	AH,	Claasen	JA,	Rikkert	MG,	Jansen	RW;	Cerebral	autoregulation:	an	overview	of	current	concepts	and	methodology	with	special	focus	on	the	elderly.	J	Cereb	Blood	Flow	Metab	2008;	28(6):1071-85.			American	Physiological	Society;	Larson	AC,	Jamrogowicz	JL,	Kulikowicz	E,	Wang	B,	Yang	ZJ,	Shaffner	DH,	Koehler	RC,	Lee	JK.	Cerebrovascular	autoregulation	after	rewarming	from	hypothermia	in	a	neonatal	swine	model	of	asphyxic	brain	injury.	J	Appl	Physiol	2013;	115(10):1433-42.			Wolters	Kuwer;	Lee	JK,	Kibler	KK,	Benni	PB,	Easley	RB,	Czosnyka	M,	Smielewski	P,	Koehler	RC,	Shaffner	DH,	Brady	KM;	Cerebrovascular	reactivity	measured	by	near-infrared	spectroscopy.	Stroke	2009;	40(5):1820-6.		
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Figure	4.	Determining	optimal	arterial	blood	pressure	
An	example	of	one	patient	using	autoregulation	monitoring	to	determine	optimal	mean	arterial	blood	pressure	(MAP).	Slow	waves	of	MAP	(top)	and	cerebral	blood	volume	(CBV,	bottom)	are	depicted	(A/C).	Autoregulation	monitoring	during	periods	of	intact	and	impaired	autoregulation	in	this	infant.	When	autoregulation	is	intact,	MAP	waves	negatively	correlate	to	changes	in	NIRS-measured	CBV	(A/B).	The	correlation	of	CBV	and	MAP	is	the	hemoglobin	volume	index	(HVx).	When	autoregulation	is	impaired,	MAP	and	CBV	become	positively	correlated,	yielding	a	positive	HVx	(C/D).	Thus,	a	more	negative	HVx	indicates	functional	pressure	reactivity	and	intact	autoregulation,	and	a	more	positive	HVx	indicates	decreased	pressure	reactivity	and	impaired	autoregulation.	When	the	measures	of	HVx	are	then	plotted	as	a	function	of	MAP	and	placed	in	5	mm	Hg	bins,	optimal	MAP	is	identified	as	the	nadir	when	the	correlation	coefficients	are	plotted	against	ABP	(E).	Here	for	this	patient,	optimal	ABP	is	50	mm	Hg	where	autoregulation	is	intact	and	most	robust.		
	
